Growth promoting activity of bovine serum albumin for human diploid fibroblasts was affected by oxygen environment. When cells (2 x 104 cells/35 mm dish) were cultured with BSA of 5 g/liter supplemented RITC 80-7 under hypoxic (7%) environment, excellent growth was maintained during the period of culture, while the growth under aerobic environment markedly declined after 3 days of culture. The culture challenged with BSA under aerobic environment generated a relatively large amount of malondialdehyde (MDA) as a product of lipid peroxidation.
We have reported that bovine serum albumin (BSA) has growth promoting activity for the culture of mammalian cells with serum-free culture. We have also suggested that such a growth promoting activity depends on lipids bound to BSA molecules (Yamane et al. 1976 ) as well as other reports have indicated (Nilausen 1978; Rockwell et al. 1980 ). Recently we developed a serum-free culture medium named RITC 80-7 for human diploid fibroblasts and succeeded in a serial longterm culture of the cells using this medium supplemented with human fibronectin (FN) of 10 mg/liter and BSA of 5 g/liter similar to that with 10% fetal bovine serum (FBS) supplemented Eagle's basal medium (Yamane et al. 1981 ; Kan and Yamane 1982) . But these results were attained only with a low (7%) oxygen environment.
When cells were cultured in the medium under aerobic environment, the growth declined after 3 days of culture.
Many studies have been so far reported concerning the effect of environmental oxygen on cultured mammalian cells in serum supplemented medium (Taylor et al. 1974 (Taylor et al. , 1978 Balmn et al. 1976; Packer and Fuehr 1977) . However, it has been known that serum is a powerful antioxidant (Vidlakova et al. 1972) . Therefore this serum-free medium was thought to fit for examing the effect of oxygen. In this study, we made clear the nature of the above phenomenon and examined effect of vitamin E on cell growth and in vitro lifespan of human diploid fibroblasts in this serum-free medium.
MATERIALS AND METHODS
Cell and cell culture. Human diploid fibroblasts were obtained from 12-16 week-old human embryo lung as described previously (Yamane et al. 1981; Kan and Yamane 1982) . These cells were grown in monolayer culture with modified Eagle's minimum essential medium (modified MEM) supplemented with 10% FBS. The cultures were routinely grown at 37°C in a plastic petri dish, 60 mm in diameter, (Lux Co.) containing 3 ml medium with a gas phase of 5% CO2 in air. Cells from middle phase were used in the experiments of growth response.
Experimental medium. Modified MEM powder was purchased from Nissui Seiyaku Co., Tokyo. The modified MEM differed from original MEM in that it contained succinic acid (75 mg/liter) sodium souccinate (100 mg/liter) and L-cysteine HCl (31.4 mg/liter) instead of L-cystine (Yamane et al. 1968 ). Serum-free RITC 80-7 medium, based on the modified MEM, was prepared by the procedures as described previously (Yamane et al. 1981; Kan and Yamane 1982) . This medium added with FN, and BSA was used frequently. FN was used to overcome the inhibitory effect of BSA for cell adhesion. Determination of growth response and in vitro lifespan. The cells fully grown in modified MEM supplemented with 10% FBS were harvested with cold trypsin treatment as described previously (McKeehan 1977) . For the study of growth response, the cells (2 X 104 cells/ diam. 35 mm dish) were cultured with the various culture media under different oxygen environments. The culture at hypoxic (7%) environment was carried out with an 02-C02 incubator (Tabai Co., Osaka). The cells grown in the test medium were harvested with 0.0075% pronase-E (Kaken Co., Tokyo), and 0.02% EDTA in Cat, Mg2+-free PBS below 25°C. Cell number was measured by a Micro cell counter (CC-108, TOA Co., Kobe). For the serial long-term culture, the cells (4>< 104 cells/diam. 60mm dish, Lux Co.) were planted into the test medium. Subcultivations were carried out every 5 day with the cold trypsin treatment. Population doubling levels (PDL) were calculated by comparing the cell number at planting with the cell number at yield.
Lipid peroxidation. Lipid peroxidation in tissue cultures as measured with cells that were grown to subconfluency in plastic petri dishes, 60 mm in diameter (Lux Co.), containing 3 ml of phenol red-free experimental medium. Cells were treated with serum albumin with or without vitamin E. After a specified time interval, media were collected and precipitated with addition of 0.5 ml of 10% phosphotungstic and in distilled water, 0.5 ml of 2/3 N H2SO4 and 1 ml of distilled water. The prrcipitates were resuspended with 4 ml of distilled water. Then one ml of 0.67% 2-thiobarbituric acid (TBA) in citric acid was added to the solution and this mixture was incubated for 60 min at 97°C. After cooling with flowing water, the reaction mixtures were centrifuged at 12,000 X g for 15 min at 4°C. The absorbance of the supernatant was measured at 532 nm. Absorbance was converted to nmole malondialdehyde (MDA) from a standard curve generated with 1,1,3,3-tetramethoxy-propane. Lipid peroxidation was reported as nmoles MDA per culture.
Chemicals. FBS was purchased from Flow Laboratories (Stanmore, NSW, Australia). 
RESULTS

Growth curves in different media under aerobic and hypoxic environment
We succeeded in a serial long-term culture of human diploid fibroblasts using serum-free RITC 80-7 supplemented with FN and BSA under hypoxic (7%) environment (Yamane et al. 1981 ; Kan and Yamane 1982) . However, we also found that this culture is strongly affected by oxygen environment as shown in Fig. 1 . Growth curves in each FBS supplemented modified MEM and RITC 80-7 showed similar patterns under aerobic and hypoxic conditions, while growth curves in BSA supplemented RITC 80-7 were different under different oxygen environments. When cells were cultured in the BSA supplemented medium under aerobic condition, their growth markedly declined after 3 days of culture and cell lysis took place frequently. This result indicates that growth promoting activity of BSA is affected by oxygen environment and that serum contains an antioxidant. Effect of FAF-BSA and reconstituted one with various fatty acids
We reported previously that growth promoting activity of BSA depends on the poly-unsaturated fatty acids bound to its molecule (Kan and Yamane 1982) . The effect of oxygen tension on the growth promoting activity should be either due to BSA itself or due to lipids bound to its molecule. In order to elucidate this question, effect of environmental oxygen on the activity of FAF-BSA and reconstituted one with various fatty acid was examined as shown in Fig. 2 . FAF-BSA or reconstituted one with saturated fatty acids did not support cell growth, nor was affected by oxygen environment. FAF-BSA reconstituted with polyunsaturated fatty acids supported excellent growth under hypoxic environment, but the activity markedly decreased under aerobic environment. These results indicate the real substance affected by environmental oxygen is poly-unsaturated fatty acid bound to the BSA molecule.
Lipid peroxidation in the culture with different media under aerobic and hypoxic environments Malondialdehyde (MDA) is known as a product of lipid peroxidation (Buege and Aust 1977; Gavino et al. 1981) . A small amount of MBA was found in precultured BSA-containing medium. MBA did not increase when the media were incubated without cells. The culture with serum-free RITC 80-7 generated small amounts of MBA, while the culture challenged with serum albumin generated relatively large amounts of MDA under aerobic environment. Further the cells challenged with r erum albumin added with linoleic acids formed significantly more MDA than the cells cultured with serum albumin only. The MAD formation was inhibited by adding of vitamin E to the culture medium. The extent of growth declining was substantially in proportion to the extent of MDA formation (Table 1) . These results suggest the nature of oxygen dependent declining on cell growth is lipid peroxidation.
Effect of vitamin E on cell growth under different oxygen environments
Since vitamin E is an antioxidant (Gavino et al. 1981) , it could restore cell proliferation through the inhibition of lipid peroxidation. Therefore effect of vitamin E on cell growth was examined under aerobic and hypoxic (7%) environments as shown in Fig. 3 . Vitamin E more than 2.5 µg/liter restored partially the oxygen-dependent growth declining. But because turbidity appeared in the medium, the concentration higher than 2.5 mg/liter could not be examined. The effect on cell growth was not observed at hypoxic environment. Further, it was found from the experiment of growth curves that, although vitamin E restored the oxygen-dependent declining on cell growth, it unaltered the growth rate (Fig.  4) . Culture of vitamin E treated cells was not affected by oxygen environment, similarly to the culture added with vitamin E directly to the medium (Fig. 5) . Therefore it was proved that vitamin E is incorporated into the cells and serves as an antioxidant.
Effect of oxygen tension on cell lif espan in different media
When cells serially subcultivated in 10% FBS supplemented modified MEM under both aerboic and hypoxic environments, they grew and phased out similarly (Table 2) . On the other hand, cultures in BSA supplemented RITC 80-7 were affected by oxygen environment and their lifespan markedly decreased under aerobic environment as compared with that under hypoxic environment which was similar to that with 10% FBS supplemented modified MEM (Table 2 ). In vitro lifespan of cells cultured with both vitamin E and BSA supplemented RITC 80-7 was only slightly extended as compared with that cultured with vitamin E-free medium under aerobic environment (Table 2 ). In the culture under hypoxic environment, they grew and phased out similarly.
DISCUSSION
Several studies have reported relationship between the cell growth or in vitro lifespan of human diploid fibroblasts and oxygen tension in the culture environment (Balmn et al. 1976; Packer and Fuehr 1977; Taylor et al. 1978) . Human diploid fibroblasts in culture present a unique model for examining the effect of environmental oxygen, because established cells are difficult to rule out the possibility of their adaptation to aerobic environment. It is, however, difficult to determine optimum oxygen tension of the culture, because the concentration of oxygen dissolved in medium differs from that in gas phase and because oxygen tension at growth surface of substrate-attached cells is affected by cellular density and depth of medium layer (Werrlein and Glinos 1974) . But the optimum oxygen tension is estimated below 60 mm Hg (about 7-8% 02) from other reports (Balm et al. 1976; Taylor et al. 1978 ) and oxygen tension in peripheral tissue in vivo (Caligara and Rooth 1961; Evans and Naylor 196667) . Therefore, we compared cell growth and lifespan of the cells in culture under both aerobic and hypoxic (7%) environments in this study. Our results suggest that growth promoting activity of albumin supplemented into medium is affected by the oxygen environment and real substance affected by the oxygen tension is poly-unsaturated fatty acid bound to the albumin molecules. Cells challenged with poly-unsaturated fatty acid under aerobic environment generated increased amounts of MBA. MDA is known as a product of lipid peroxidation. This result supports the hypothesis that the extent of cell proliferation is controlled in part by lipid peroxidation (Gavino et al. 1981) .
Vitamin E, an agent known to trap free radicals, has such specific that it may enter into specific physicochemical interactions with arachidonyl residues of membrane phospholipids (Diplock and Lucy 1973) . The experiments described here show that vitamin E protected cells from oxygen-dependent declining of cell growth due to BSA, although vitamin E unaltered the rate of cell growth. It was also found that vitamin E incorporated into cells acts as an antioxidant. Recently, Giasuddin and Diplock (1979) reported that when cholesterol and linoleic acid were added separately or together to medium supplemented with delipidated FBS, these lipids had no effect on growth rate of 3T3 cells, while a-tocopherol added together with these two lipids markedly stimulated the cell growth. Their observations are thought to be consistent with our findings, because their culture was done under aerobic environment.
Vitamin E has been reported to extend in vitro lifespan of human diploid fibroblasts in culture (Packer and Smith 1974) . On the other hand, other investigators have found no effect of it on fibroblast culture (Sakagami and Yamada 1977; Packer and Smith 1977) . The results described here indicate vitamin E had no effect for extension of in vitro lifespan which decreased under aerobic environment in serum-free, BSA-containing medium, although vitamin E restored the oxygen-dependent declining of cell growth and inhibited MBA formation. On the other hand, either the growth or the lifespan of cells cultured with 10% FBS supplemented medium was little affected by environmental oxygen, though FBS contained little amount of vitamin E. This may indicate that even when serum is removed from the medium a residual effect as an antioxidant is still present during the next few passages and acts together with vitamin E. Therefore, antioxidant activity different from vitamin E seems to protect cells from oxygendependent decreasing of in vitro lifespan in serum supplemented culture. Serum performs many different functions in promoting the growth of normal diploid fibroblasts in culture and these various functions of serum will become growthlimiting ones when serum is omitted from culture (Ham and McKeehan 1978) .
Our results suggest that one of the major functions of serum in culture is the function as an antioxidant and that substance which causes the antioxidant activity is different from vitamin E. Indeed, the antioxidant activity of serum has been proved to be the function of two proteins; one was apotransferrin and the other was ceruloplasmin (Dormandy 1978; Granfield et al. 1979 ). Therefore, it will be necessary to examine the effect of these two proteins as antioxidants in our culture system.
